MATERIALS AND METHODS
Strains studied: A total of 468 strains of the cholera group of vibrios from the following sources were studied.
Ten strains of cholera vibrio which are non-hemolytic biotype, were collected in India.
Fifty strains of Vibrio cholerae biotype eltor were collected in the Philippines. Of 405 strains of NAG vibrios, 203 were collected in the Philippines and 202 in India. All the strains were isolated from human cases and belonged to biotype 10311 described in the previous paper (Sakazaki et al., 1967) .
Three strains (NCTC 4711, NCTC 4715 and NCTC 4716) of groups III, V and VI of Gardner and Venkatraman (1935) were received from National Collection of Type Culture, London.
In addition to these, a total of 129 strains of vibrios including V. parahaemolyticus, V. alginolyticus, V. anguillarum, Vibrio spp. biotypes 6330 and 6267, and luminous vibrios, were used in this study.
The taxonomical position of these marine vibrios will be discussed by Sakazaki, Tamura, Ikuta and Sebald elsewhere.
O antiserum: To obtain O antigen for the preparation of O antiserum, an overnight Lab-Lemco broth (pH 7.8) culture incubated in a water bath at 37 C by a rocking culture method, was heated at 100 C for 2 hr.
The heated organisms were washed twice by centrifugation and then the packed cells were resuspended in 1 % saline.
The density of the suspension was adjusted to that of the original broth culture.
A rabbit was injected with 0.5 ml, 1.0 ml, 2.0 ml and 4.0 ml amounts of the antigen at intervals of 3 days. Six days after several injections with 4.0 ml of the antigen, the animal was bled and the antiserum collected. H antiserum:
Cultures for H antiserum production were inoculated into semisolid medium with a Craigie tube. After several passages through the medium, actively motile organisms were inoculated into Lab-Lemco broth (pH 7.2) and incubated in a water bath at 37 C for 6 hr by the rocking culture method.
The broth culture was preserved with 0.01 % merthiolate and kept at -20 C. A rabbit was injected with the broth culture as for production of H antiserum.
However, the animal received 25 or more injections of 4.0 ml of the antigen. O antibody in the serum was removed by absorption with homologous culture boiled at 100 C for 2 hr.
M (mucoid) antiserum: O inagglutinable strains were subcultured onto trypticase soy agar containing 1 % sucrose and 0.1 % Teepol (Shell), and a mucoid colony on the plate was selected.
The colony was inoculated into Lab-Lemco broth (pH 7.4) containing 0.2 % glucose and 0.001 % Tergitol 7 (Union Carbide Chemicals) and the broth was incubated in a water bath at 37 C for 18 hr by the rocking culture method.
The broth culture was preserved with the addition of 0.01 % merthiolate and kept at -20 C. Before injection, the broth culture was confirmed to be inagglutinable by the homologous O antiserum.
A rabbit received 20 or more injections of 4.0 ml of the antigen at 3 or 4 day-intervals. Agglutination test: For determination of O antigen, the tube agglutination test was carried out with O antiserum and boiled culture as mentioned above. Results were read after an incubation in a water bath at 50 C for 18 hr.
The H agglutination test was performed with a suspension of motile culture. Actively motile organisms obtained after several passages through semisolid medium were inoculated onto a plate containing semisolid medium.
After overnight incubation, growth on the plate was harvested into buffered saline containing 0.1 % sodium azide. In the tube agglutination test, a mixture of the suspension and H antiserum was incubated in a water bath at 50 C. The results were read after 4 and 18 hr incubation.
In the M agglutination test, mucoid culture was employed as antigen. A mucoid colony was subcultured onto an agar slant containing 1 % thiotone peptone (BBL), 1 / Lab-Lemco beef extract (Oxoid), 0.2 % sodium cholate and 0.2 % Teepol.
The overnight culture on the slant was harvested into 1 % saline. Only a suspension which was not agglutinated by the homologous O or H antisera was used for the M agglutination test.
The tube agglutination test was performed at 37 C for 2 hr followed by placing at 4 C for 18 hr.
The slide agglutination test was also performed with each antigen mentioned above.
Agglutinin-absorption test : The agglutinin-absorption test was carried out when a reciprocal or unilateral reaction was recognized in certain antisera.
A certain amount of appropriately diluted antiserum was mixed with packed cells harvested from a 1 % saline suspension of a growth on trypticase soy agar plates. After 2 hr-incubation at 50 C, the mixture was centrifuged and the supernatant fluid was titrated.
RESULTS

O Antigen Determination
It has been the experience of many workers that, in the agglutination test with cholera vibrios, the boiled suspension or broth culture decreased its agglutinability in Gardner and Venkatraman's O-subgroup 1 antiserum. On the other hand, some culture of cholera vibrio in a living state failed to be agglutinated by the O antiserum.
Such findings were also recognized with NAG vibrios. Prior to O antigen determination, therefore, it was important to obtain a good antigen which is agglutinated by the homologous O antiserum at a high titer. Seven strains of the cholera group of vibrios were subcultured in Lab-Lemco broth (pH 7.8) in a water bath at 37 C for 18 hr by rocking culture method. The broth culture was divided into three parts and treated as follows : 1) Preserved with 0.01 % merthiolate.
2) Boiled at 100 C for an hr.
3) boiled at 100 C for two hr. Organisms of each of the three were then washed by centrifugation and the packed cells were resuspended into saline.
When agglutination test was carried out with these three antigens and the homologous O antisera, antigen boiled for 2 hr reacted at the highest titer in the O antiserum.
The results are shown in Table 1 . In O antigen determination, therefore, the antigen boiled for 2 hr followed by washing the cells was used.
By cross agglutination and agglutinin-absorption tests, 453 of the 468 strains including 60 cholera, 390 NAG and 3 Gardner-Venkatraman's vibrios were divided into 39 O groups.
In designating each O group, O group 1 was assigned to cholera vibrio, and O groups 2, 3 and 4 to Gardner and Venkatraman's O-subgroups III (NCTC 4711), V (NCTC 4715) and VI (NCTC 4716), respectively.
The strain belonging to their O-subgroup II (NCTC 8082) had become rough, and strain of O -subgroup IV was not available with NCTC . Therefore, these two O-subgroups of Gardner and Venkatraman could not included in the series of O groups in the present study.
Most of the O antigens showed no significant cross reaction with the other heterogous O antisera.
Exception to this was recognized in O antigens 2 and 9 and 10 and 16.
On the other hand, when agglutination tests were carried out by using strain CA 385, an R antigen strain of cholera vibrio, none of the O antisera agglutinated this strain.
The results of O antigen determination of 405 NAG vibrio strains collected from the Philippines and India are summarized in Table 2 . The 405 cultures could be grouped with the 39 O antisera.
As shown in the table, O groups 5, 9 and 15 were the most common strains both from the Philippines and from India, while 8 and 24 were found mainly among the Philippine strains. anguillarum and 4 of luminous vibrios and tested with the four antisera mentioned above.
It was noted that all these H antigens failed to be agglutinated by the antisera of the cholera group of vibrios.
M Amtigen
As has been described, some cultnres of the cholera group of vibrios were inagglutinable in the living stated with the homologous O antiserum. Such reduced agglutinability of live culture in O antiserum may be due to the formation of M (mucoid) substance.
The antigenicity of such an M substance was tested using three strains, namely CA 385 (R form of cholera vibrio), NAG 11 (O group 11) and NAG 183 (O group 31). Antisera were prepared with these mucoid cultures. When cross agglutination and agglutinin-absorption tests with the three antisera were performed, it was evident that the M substance produced some antibody, although the titer in the antiserum was very low (1 : 50 to 1 : 100). In addition to this, a cross absorption test showed that the M antigen of the three strains used was identical with each other. No attempt was made to demonstrate M antigen of the other strains.
DISCUSSION
It has been mentioned that Gardner and Venkatraman (1935) divided the cholera group of vibrios into six O-subgroups in which the cholera vibrio including hemolytic strains was included in the O-subgroup I and non-choleragenic vibrios into O-subgroups II to VI, inclusive. They also recognized that these vibrios possessed a common H antigen. These observations have been confirmed and extended by the present authors.
In this study, 39 O groups have been established within the cholera group of vibrios.
It should be noted that all motile vibrios in these O groups possess an identical H antigen.
Therefore, these O groups should be referred to as serotypes, although the serotype is generally indicated by an assortment of O and H antigens.
It should be emphasized again that cholera and NAG vibrios should be placed in a single species, Vibrio cholerae, as described previously (Sakazaki et al., 1967) . This view is expressed since morphological, physiological and biochemical characteristics of these two vibrios are quite similar.
These vibrios can be distinguished only by their O antigens.
Thus, it is the authors' opinion that V. cholerae (the cholera group of vibrios) should be subdivided into serotypes according to its O antigen ; the cholera vibrio can easily be differentiated from other vibrios by assigning the former as serotype 1. Although no consideration has been given in this study to the epidemiological significance of serotypes of NAG vibrios, it may be mentioned that strains have been isolated from a family in which a diarrheal disease broke out, and that the NAG strains isolated from these patients as well as from their contacts, were found to belong to the same serotype. Gallut (1962) stated that the serological classification of NAG vibrios might provide epidemiological data in case of the vibrio infection, but such an analysis should be carried out on a great number of strains, little less than a thousand.
Recently, there has been some controversy in respect to the terminology of NAG vibrios.
It is clear that, from the results of and Sakazaki et al. (1967) , strains of Aeromonas, Plesiomonas, V. parahaemolytieus, and even coliform have been called as NAG. El-Shawl and Thewaini's (1969) description of the NAG vibrios are not acceptable.
Moreover, some halophilic vibrios, which grow profusely in peptone water containing 2 to 3 % NaCl but not in peptone water without salt or in that containing 7 % or more salt , are often named NAG vibrio.
Such halophilic vibrios are usually isolated from water and also occasionally from human feces.
It should, however, be noted that the H antigen of such halophilic vibrios is quite different from that of the cholera group of vibrios.
Certain difficulties arise also, since no definition has been given to the R form of cholera vibrio.
The somatic antigen of some cholera vibrio strains such as CA 385 is not agglutinated by the cholera O antiserum. It was demonstrated that the mucoid strain of cholera vibrio was not agglutinated by the homologous O antiserum in the living state.
Such mucoid strains of cholera vibrio may also be misidentified as NAG vibrios.
Thus, it is suggested that the vernacular name NAG vibrio or NCG vibrio should be preserved only for those organisms conforming to the definition of the genus Vibrio (Minutes of Subcommittee, 1966; Sakazaki et al., 1967) , possessing an H antigen identical to that of the cholera vibrio and failing to be agglutinated by the O and R antisera of cholera vibrio after boiled at 100 C for 2 hr.
The presence of an O-inagglutinable mucoid strain of cholera vibrio may be important when identifying the vibrios.
Therefore, it is recommended that if a certain culture suspected to be cholera vibrio is not agglutinated in a living state by type 1 (cholera vibrio) antiserum, the agglutination should be retested with a washed cell suspension heated at 100 C for 2 hr. Bhattacharji and Bose (1964) claimed that they could obtain changes of cholera vibrio into NAG vibrio and vice versa.
However, it seems difficult to reconcile such findings from the view of bacterial genetics.
None of the serotypes of the authors' present collection has changed spontaneously into another serotype during maintenance for 3 years. It is probable that Bhattacharji and Bose dealt with a mixed culture or the mucoid or the R form of cholera vibrio.
